Our goal is to understand the extent to which the properties of cash flows explain accruals. Using the Dechow et al. (1998) model, we derive the negative accruals/cash-flow changes relation and show that the strength of the relation is linked to negative serial correlation in cash-flow changes. Dechow et al. also suggest that the strength of the relation between accruals and revenue changes relates to the firm's operating-cycle length. Prior accrual models have not incorporated these theoretical relations. We find that incorporating serial correlation in cash-flow changes and operating-cycle length in accrual models increases explanatory power of all accrual models considered (i.e., those of Jones, Ball and Shivakumar, McNichols, and Jeter and Shivakumar). We show that nondiscretionary accruals estimated from the cash-flow-based model better predict future cash flows and earnings. We also find that the cash-flow-based model surpasses other models in terms of specification and power in detecting earnings management. These results suggest the importance of considering the fundamental role of accruals in altering the timing and matching properties of cash flows when predicting accruals.
Introduction
Accruals are added to cash flows to produce earnings. Modelling accruals requires us to consider the existing properties of the starting point (cash flows) and the desired properties of the endpoint (earnings). We use Dechow et al. (1998) to fix the endpoint and model the relation between cash-flow properties and accruals. We derive a negative relation between cash-flow changes and accruals. We show that the strength of this relation increases as serial correlation in cash-flow changes becomes more negative. Dechow et al. also suggest that the strength of the positive relation between accruals and revenue changes increases with the firm's operating-cycle length; both serial correlation in cash-flow changes and operating-cycle length capture the timing and matching properties of cash flows that are offset by accruals. In this paper, we aim to understand how much cash-flow timing and matching properties explain accruals. We also examine whether models grounded in these theoretical relations better explain accruals than widely-used models.
Our motive is to link accrual models to a reason for the existence of accruals. Researchers object to the weak theoretical support for empirical accrual models. Describing the Jones model, Peasnell, Pope, and Young (2000) note, "The ambiguous predictions for the estimated coefficient on REV highlight the somewhat ad hoc nature of the model." Owens, Wu, and Zimmerman (2013) similarly argue, "As a profession, we have very limited theory of the accrual generating process…." Ball (2013), for his part, claims that "limited knowledge of the determinants of accruals in the absence of manipulation" fosters of culture of inadequate research design. 1 We use the ideas of Dechow (1994) to explain accruals rather than returns. Our aim is to encourage research that uses accrual models to investigate and explain the existence of accruals. Our findings show that linking estimation to theory offers advantages in terms of explanatory power, specification and power in detecting earnings management, although detecting earnings management is a by-product rather than a goal of our approach.
Results confirm predictions derived from the Dechow et al. framework. Industry-year specific regressions indicate that accruals are negatively associated with current-period cash-flow changes and that this negative relation strengthens as serial correlation in cash-flow changes becomes more negative. Also, the positive relation between accruals and current-period revenue changes increases as the operating cycle lengthens. These results suggest that within-industry estimation does not control for cross-firm variation in cash-flow-change serial correlation and operating cycles-characteristics analytically shown to explain accruals. We then examine whether incorporating cash-flow changes and serial correlation in these changes adds explanatory power for accruals to the Jones (1991) See also McNichols (2000) : "Given the limited theory we have of how accruals behave in the absence of discretion, the task of identifying and controlling for potentially correlated omitted variables is daunting indeed" (p. 314).
We also find that, after the addition of cash-flow variables to the various accrual models, consideration of the effect of the operating cycle on the relation between accruals and revenue changes further increases the R-squared. This result cannot be explained by the Dechow et al.
model, because it implies that either cash-flow changes or revenue changes are needed in order to explain accruals-not both. The result highlights the difficulties of empirical estimation-which can tempt researchers to abandon theory for a better fit and have prompted the proliferation of accrual models. Estimates of cash-flow timing and matching properties in a given firm-year are noisy, so incorporating multiple measures can reduce estimation error.
A risk of using cash-flow properties to model accruals is that managers may have used accruals to "over-smooth" cash flows. We test whether a cash-flow-based model inadvertently captures over-smoothing. We show that the sum of operating cash flows and accruals explained by the cash-flow-based model or the revenue-and-cash-flow-based model are more persistent and better predict future cash flows and earnings. We also show that our proposed model compares favorably to other approaches in specification tests and exhibits more power in tests using randomized accrual manipulation in the population of firm-years (Dechow, Sloan, and Sweeney, 1995; Kothari, Leone, and Wasley, 2005) . 2 Finally, we show that our proposed accrual model detects earnings management in AAER firm-years with upward earnings management.
We emphasize accruals' role in counteracting negative serial correlation in cash-flow changes. This implies that financial reporting aims to produce an earnings number that serves a valuation purpose. The view that accruals enhance earnings persistence is implied by the models 2 While the cash-flow-based model or the revenue-and-cash-flow-based model is better specified than ROA matching in firms with extreme cash-flow changes, it rejects the null hypothesis of no earnings management too often for firms with low ROA. Thus, in tests of earnings management for firms with extreme performance, model selection should be based on the nature of this performance measure.
of Bernard and Stober (1989) and Dechow et al. (1998). 3 This view is also widely accepted as earnings persistence is a common measure of earnings quality (e.g., Penman, 2013, p. 396; Revsine et al., 2015, p. 329; Dechow and Schrand, 2004) .
Our work both contrasts with and complements that of Ball and Shivakumar (2006) .
Following a stewardship perspective, they explore whether accruals enhance asymmetric timeliness of cash flows. 4 Like them, we examine whether consideration of accruals' purpose enhances accrual prediction. However, we focus on how accruals' role in mitigating the timing and matching issues of cash flows can be used as a means for accrual prediction.
Aside from our new empirical results, our contribution relative to Dechow and Dichev (2002) is one of emphasis. They stress the mapping of accruals into lagged, current and leading cash flows. And they aim to measure accrual estimation errors rather than to explain why the interperiod allocation via accruals arises. 5 We provide this link. Practically, incorporating cash-flow timing and matching properties into accrual prediction enables researchers to explain accruals when future cash flow information is not available, as in the work of Dechow and Dichev (2002) and Dechow, Hutton, Kim, and Sloan (2012) .
The remainder of the paper is organized as follows. We develop the predictions in Section 2, describe the research design in Section 3, report the empirical results in Section 4, conduct additional tests in Section 5, and conclude in Section 6. Dechow et al.'s earnings definition seems to arise naturally from the time-series properties of the variable they call 'revenues.' However, efficiency considerations or political interests could lead standard setters to adopt a different definition. For example, in Dechow et al.'s earnings definition revenue increases and decreases have symmetric earnings effects. However, timely recognition of losses could anticipate the future effects of current revenue declines and recognize them in current earnings. 4 Valuation and stewardship considerations need not have mutually exclusive predictions on the properties of accruals. Desirable properties derived from these perspectives can coincide. Moreover, even where they conflict, unless we hold that one force overwhelms the other, reporting outcomes reflect a compromise.
5 McNichols and Wilson (1988) likewise map the allowance-for-doubtful-accounts accruals into future write-offs. Their work, like that of Dechow and Dichev (2002) , as well as many loan-loss-reserve papers, links current accruals to future outcomes.
2.
Literature and prediction development can be made on the basis of either (1) sales changes incorporating operating cash cycle or (2) cashflow changes incorporating cash-flow-change serial correlation. Cash-flow-based predictions consist of (a) the relation between working capital accruals and operating-cash-flow changes and (b) the effect of the serial correlation in operating-cash-flow changes on this relation. Accrual prediction based on cash flows could offer an alternative to a sales-based approach because the latter relies on accrual estimates to derive both sales and operating cash cycle. The situation is analogous to the use of sales in the Jones (1991) model when sales include credits sales. The modified Jones model of Dechow, Sloan, and Sweeney (1995) seeks a measure of the sales shock that does not depend on accruals. Similarly, our goal is to produce an accrual prediction that is not affected by the firm's current accrual estimates. A model using cash-flow changes and their serial correlation is the proposed solution.
The Dechow et al. model
The Dechow et al. model assumes the following:
(1) Sales follows a random walk: , where is a random shock with variance and cov , 0 for | | 0.
(2) All expenses are variable so that earnings is a constant fraction of sales: π , where π is the net profit margin. 6 The only expense is the cost of goods sold, which is 1 π .
(3) The accounts receivable balance at the end of period t is a constant portion of sales:
α , where 0< α<1.
(4) Inventory at the end of period t is the target level minus a deviation because of the sales shock. The target level is a constant proportion ( ) of the cost of goods sold. However, a fraction ( ) of the sales shock ( ) is not included in the ending inventory, being deferred to the next period. That is, 1 π 1 π , where 0< , <1.
(5) A portion (β) of the firm's purchases for period t is not paid at the end of the period.
The accounts payable balance at the end of period t is thus:
With these assumptions, the operating cash flow for period t, which is the sum of cash receipts from sales and cash payments for purchases, is:
Given that π represents earnings for period t, ( ), accruals for period t are:
The first term of equation (2) is the component of accruals that offsets the temporary cash flow from the change in working capital due to the current-period sales shock ( ). This coefficient 6 Following Barth, Cram, and Nelson (2001) , we restrict π to be positive in the model because π is a constant, firmspecific characteristic across periods and thus it is not reasonable to assume a firm to have losses in all periods. is a function of the firm's inventory policy and credit terms of accounts receivable and payable.
Dechow et al. refer to this as the firm's operating cash cycle ( ), expressed as a fraction of a year.
The second and third components of accruals offset the temporary cash flow from delayed inventory adjustment due to sales shocks in the current and prior periods. Dechow et al. denote the parameters on ∆ and ∆ as and and ignore the latter two terms in equation (2) because they are close to 0 empirically.
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Operating cash flow and accruals for period t can thus be written as a function of sales and sales shocks:
(2)' Equation (1)' implies that operating-cash-flow change in period t is:
Our predictions
Cash flows have timing and matching properties that impair their ability to measure performance (Dechow, 1994) . Net cash receipts and payments can occur in periods that differ from the economic event (the timing or spreading problem) and cash inflows and outflows from a given economic event might occur in different periods (the matching problem). The economic role of accruals is to mitigate these timing and matching issues and produce a performance measure, i.e., earnings, that better reflects value-relevant events.
Equation (2) 
where, 1 π 1 π is operating cycle as a fraction of the year. Because  and  are always positive, the denominator is always positive. Therefore, when π δ, which as Dechow et al. note is true for most firms, the matching effect dominates the spreading effect and the serial correlation in cash-flow changes is negative. Longer operating cash cycles imply more negative serial correlation, while a greater magnitude of profit margins generally reduces negative serial correlation by increasing the spreading effect.
Accruals correct the timing and matching issues by altering when cash receipts and payments are recognized in earnings. Since accruals offset temporary fluctuations in cash flows, they will be negatively correlated with the change in cash flows (Dechow, 1994) . To derive the relation between accruals and cash flows in the Dechow et al. framework, we write accruals as a function of the current-period cash-flow change. That is,
where is a normally distributed error term with a variance of . , we can derive , and equation (4) becomes:
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The variance of the error term can be derived from the relation between the coefficient on ∆ and (i.e., / ∆ ) and the definition for (i.e., 1 / ).
In fact, equals the serial correlation in cash-flow changes (equation 4). This coefficient demonstrates the importance of the serial correlation in cash-flow changes, which captures the timing and matching properties of cash flows, to the relation between cash-flow changes and accruals.
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Because the coefficient on cash-flow changes equals the serial correlation in cashflow changes, it is negative as long as π δ.
Equation (4)' not only provides analytical support for the negative correlation between accrual levels and cash-flow changes shown by Dechow (1994) , but it also indicates that the magnitude of this negative correlation increases with the magnitude of the negative serial correlation in cash-flow changes.
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This leads to our second prediction:
Prediction 2: Accrual levels are negatively correlated with cash-flow changes. This correlation becomes more negative as the serial correlation in cash-flow changes becomes more negative.
Research design
Revenue-based accrual model Prediction 1 and Prediction 2 lead to different accrual models: one based on revenue and the other on cash flows. For the revenue-based model, accruals are a function of revenue changes and the relation between accruals and revenue changes depends on the operating cash cycle. To compare the explanatory power of our model to the widely used Jones model, we also include a variable for property, plant, and equipment and extend the Jones model as follows:
11 ACCt = α0 + α1ΔREVt + α2PPEt + α3rCYCLEt + α4ΔREVt*rCYCLEt + ԑt ,
9
The sensitivity of the accrual/cash-flow-change relation to the serial correlation in cash-flow changes can also be derived by differentiating ρ A , ∆CF with respect to ρ ∆CF , ∆CF . This proof is available on request.
10 Dechow (1994) Table 2 shows that cash-flow changes exhibit negative serial correlation and that working capital accruals relate negatively to cash-flow changes. More recently, Bushman, Lerman, and Zhang (2014) explore the negative relation between accruals and cash flow levels, noting accruals "smooth temporary timing fluctuations" in operating cash flows, and examine why the relation between accruals and cash flow levels has declined.
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The Dechow et al. model does not consider working capital efficiency (aside from a reduced form inventory model) or suggest a role for property, plant and equipment (PPE) in predicting working-capital accruals. Our results remain qualitatively similar without the PPE variable.
where ACCt is working-capital accruals in year t, ΔREVt is change in net revenue from year t−1 to year t, PPEt is gross property, plant, and equipment at the end of year t, and rCYCLEt is the percentile rank of past three-year average operating cash cycle computed as a fraction of a year (formed in each year). Following Dechow and Dichev (2002), we define working capital accruals as ΔAccounts Receivable + ΔInventory -ΔAccounts Payable -ΔTaxes Payable + ΔOther Assets (net). ACCt, ΔREVt, and PPEt are scaled by beginning total assets in year t. Prediction 1 implies that the coefficients on ΔREV and on ΔREV*rCYCLE are both positive, consistent with accruals offsetting the temporary cash flow associated with the change in working capital as a result of current-period sales shock.
Cash-flow-based accrual model
According to Prediction 2, working-capital accruals can also be a function of operatingcash-flow changes. In addition, the negative relation between accruals and cash-flow changes strengthens when the cash-flow-change serial correlation becomes more negative. Thus we estimate the following the cash-flow-based accrual model:
where ΔOCFt is the change in operating cash flows from year t−1 to year t and ΔOCFSCt is the firm-year-specific measure of the serial correlation in cash-flow changes estimated using historical data. We define ΔOCFSCt so that a higher value indicates a more negative serial correlation in cash-flow changes. (We will discuss the definition of ΔOCFSCt in detail below.) According to Prediction 2, the coefficient on ΔOCF will be negative because accruals counter temporary components in cash flows. In addition, the coefficient on ΔOCFt*ΔOCFSCt should be negative because cash-flow changes contain more severe timing issues to be mitigated by accruals as the serial correlation in cash-flow changes becomes more negative.
Revenue-and-cash-flow-based accrual model
To the extent that revenue and cash-flow changes capture different aspects of accruals not modeled by Dechow et al. and that serial correlation in cash-flow changes and operating-cycle length are alternative measures of the cash-flow timing and matching properties, the revenue-based and cash-flow-based models can supplement each other. Therefore, we also examine an accrual model that combines the two. ACCt = α0 + α1ΔREVt + α2PPEt + α3rCYCLEt + α4ΔREVt*rCYCLEt + α5ΔOCFt + α6ΔOCFSCt + α7ΔOCFt*ΔOCFSCt + ԑt.
Our measure of negative serial correlation in operating-cash-flow changes To estimate the cash-flow-based accrual model, we need a measure of the negative serial correlation in operating-cash-flow changes. We can remove the effect of a firm's accrual decisions from the variables used to model accruals by using cash-flow-based independent variables. That is, we can compute the serial correlation as the first-order autocorrelation coefficient for cash-flow changes, estimated for each firm using historical data (e.g., past five years).
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However, an empirical trade-off exists in estimating cash-flow-change serial correlation for firm i in year t.
Such estimates require a relatively long data history, and their use assumes that the serial correlation does not vary over the estimation period. An alternative is to follow the Dechow et al model and use past year realizations (or the averages over recent past years) of profit margin and operating cash cycle to infer the negative serial correlation in cash-flow changes for firm i in year t. However, this method allows the firm's past accrual decisions to affect estimates produced by the accrual model if these decisions lead to persistent bias in the levels of gross profit and working capital. Its advantage is that it uses more recent observations-likely to better represent the firm's 12
The serial correlation in cash-flow changes is the first-order autocorrelation coefficient β from (OCF t -OCF t-1 ) = α + β (OCF t-1 -OCF t-2 ) + ԑ, estimated for each firm using historical data. current cash-flow-timing and matching characteristics. Because both methods have flaws, we explore their relative suitability empirically to understand which drawback is likely to have a greater prominence in the data. We find that models using profit margin and operating cash cycle to estimate cash-flow-change serial correlation for a firm-year observation perform better than models using past five years' cash flow realizations. We therefore measure the negative serial correlation in cash-flow changes using net profit margin and operating cash cycle.
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Given that the partial derivative of the serial correlation of cash-flow changes in the Dechow et al. model with respect to net profit margin (π) is positive and that its partial derivative with respect to operating cash cycle (δ) is negative, the serial correlation in cash-flow changes is expected to be more negative when the magnitude of net profit margin (π) is smaller or when operating cash cycle (δ) is longer. Intuitively, as operating cash cycle (δ) increases, there is likely a greater difference between the credit terms for accounts receivable and payable and thus a more significant matching effect, leading to negative serial correlation in cash-flow changes. For net profit margin (π), as the magnitude of π decreases, the spreading effect shrinks relative to the matching effect, increasing the dominance of the latter.
We define net profit margin as earnings before extraordinary items and discontinued operations divided by net revenue (Dechow et al., 1998) and operating cash cycle (as a fraction of a year) as average accounts receivables divided by net revenue plus average inventory divided by cost of goods sold minus average accounts payables divided by purchases. We compute average net profit margin and average operating cash cycle over the past three years for each firm-year observation. Although the net profit margin is restricted to be positive in the model, it can be 13 If we use the first-order autocorrelation coefficient for cash-flow changes computed using historical data in the past five years as the measure of the serial correlation in cash-flow changes, there are only 8,748 firm-year observations meeting all our sample selection criteria (as opposed to 35,394 currently in the sample). positive or negative empirically for a particular firm-year. As the magnitude of net profit margin declines, no matter positive or negative, the profit-spreading effect decreases. As the operating cash cycle increases, the matching effect increases. Therefore firm-years with a lower magnitude of past average net profit margin (positive or negative) and a longer past average operating cash cycle likely have a more negative serial correlation in operating cash-flow changes. We therefore define ΔOCFSC as the average of the percentile rank of past three-year average operating cash cycle and the reverse percentile rank of the magnitude of past three-year average net profit margin, with percentile ranks formed in each year.
14 With this definition, a higher value of ΔOCFSC indicates a more negative serial correlation in cash-flow changes, suggesting more severe timing and matching issues and less persistent cash flows. In this definition of ΔOCFSC, we assign the same weights to the rank of operating cash cycle and the reverse rank of the magnitude of net profit margin. In untabulated analysis, we regress the first-order autocorrelation coefficient for cash-flow changes computed using data in the past five years on the rank of operating cash cycle and the reverse rank of the magnitude of net profit margin. The ratio of the coefficients on the two independent variables is approximately 1:3. We use 25% and 75% as the alternative weights on the ranks of the two variables in defining the serial correlation of cash-flow changes. We get qualitatively similar results for the empirical tests. We present the descriptive statistics of our key variables in Table 1 
Data and empirical results

Sample and data
Tests of predictions
We report the tests of Prediction 1 (the revenue-based accrual model) in Table 2 . In Panel To provide intuition for the magnitude of the operating-cycle interactive effect, in Panel B,
we estimate the Jones model for each tercile of the operating cycle rank. We find that the positive coefficient on ΔREV increases from the first tercile to the third tercile, which confirms the result in Panel A that the positive relation between accruals and ΔREV increases with operating cash cycle. In addition, the R-squared increases monotonically from tercile 1 to tercile 3, suggesting that the Jones model has a better explanatory power for accruals when cash cycle is longer.
[Insert Table 2 here]
We report the tests of Prediction 2 (the cash-flow-based accrual model) in Table 3 . In Panel A, using all sample observations, we find a negative coefficient on operating-cash-flow changes (ΔOCF) whether or not cash-flow-change serial correlation (ΔOCFSC) is included. This negative relation between working-capital accruals and ΔOCF suggests that cash flows contain transitory components that are offset by accruals.
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When cash-flow-change serial correlation (ΔOCFSC) and its interaction with ΔOCF are added to the accrual model, we find a significantly negative coefficient on the interaction term (ΔOCF*ΔOCFSC), indicating that the negative relation between ACC and ΔOCF becomes stronger as ΔOCFSC increases, which suggests more severe timing and matching issues for cash flows, consistent with Prediction 2. [Insert Table 3 here]
The negative coefficient on cash-flow change (ΔOCF) is inconsistent with the conjecture of Ball and Shivakumar (2006) that cash-flow change is a proxy for news or economic gains. In this paper, we use market-adjusted stock returns as the proxy for news when we estimate the Ball and Shivakumar (2006) model. 17 Prior studies (e.g., Livnat and Zarowin, 1990; Orpurt and Zang, 2009; Clinch, Sidhu, and Sin, 2002) find that operating-cash-flow components help explain stock returns or predict future cash flows and earnings. Similarly, one can decompose operating-cash-flow change into its major components (e.g., change in cash receipts from customers, change in cash payments to suppliers) and interact each component with the serial correlation in cash-flow changes. In untabulated analysis, we find that this decomposition does increase the R-squared of the regressions. However, the Dechow et al. framework does not offer a justification for this decomposition or an expectation of different implications for accruals by different cash-flow-change components.
Incremental explanatory power of the cash-flow-based accrual model
We (2)), and finally add operating cash cycle and its interaction with revenue changes (i.e., the two variables included in our revenue-based model) (column (3)).
In Panel A, for the comparison with the Jones (1991) model, we find that, when the three variables of the cash-flow-based accrual model (i.e., ΔOCF, ΔOCFSC, and ΔOCF*ΔOCFSC) are added, the coefficients on ΔOCF and ΔOCF*ΔOCFSC are both significantly negative, suggesting that the role of accruals in mitigating the timing and matching issues in cash flows is not fully captured by ΔREV and PPE. As a result, the cash-flow-based model increases the explanatory power for working-capital accruals by increasing the R-squared significantly from 13.13% in column (1) to 39.68% in column (2). When we include operating cash cycle (rCYCLE) and its interaction with ΔREV (ΔREV*rCYCLE), the two variables that we add to the standard Jones model to get the revenue-based model, the coefficient on ΔREV*rCYCLE is significantly positive, and the R-squared further increases by 3.12% to 42.80%. In addition, the coefficient on ΔREV continues to be positive and the coefficients on ΔOCF and OCF*ΔOCFSC remain negative. These results suggest that the revenue-based model and the cash-flow-based model capture different aspects of accruals and complement each other.
[Insert Table 4 (2), the variables of the two models continue to help predict accruals in the correct directions. In addition, the R-squared increases from 14.83%
in column (1) to 40.99% in column (2). This increase in explanatory power is much greater than the increase from the Jones model to the Ball and Shivakumar model when asymmetric gain/loss recognition is considered.
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In column (3), the inclusion of the operating cash cycle (rCYCLE) and its interaction with ΔREV (ΔREV*rCYCLE) further increases the R-squared by 3.15%, similar to the increase in Panel A.
18
Ball and Shivakumar (2006) use four proxies for gains and losses, including level of cash flows, change in cash flows, industry-adjusted cash flows, and market-adjusted abnormal stock returns. We regard market-adjusted abnormal stock returns as a relatively cleaner proxy for news because cash-flow-based proxies measure news with error. For example, the level of cash flows suffers from the timing and matching issues; the change in cash flows reflects negative serial correlation of cash flows. News, by definition, should not be serially correlated, and changes in returns have lower serial correlation than changes in cash flows. For example, compare Fama's (1965) Table 2 . In unreported analysis, we add level of cash flows, change in cash flows, and industryadjusted cash flows, instead of the stock returns, to the Jones model. We find that the coefficients on all three cashflow based measures are significantly negative. This result is consistent with the results reported by Ball and Shivakumar (2006) in Table 3 (p. 219) and Table 5 (p. 224). However, this result is inconsistent with the interpretation that the cash-flow-based measures capture news (i.e., gains and losses).
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As we note earlier, the negative coefficient on cash-flow change (ΔOCF) is inconsistent with the conjecture of Ball and Shivakumar (2006) that cash-flow change is a proxy for news or economic gains. However, given that Ball and Shivakumar (2006) already add cash-flow change (ΔOCF) to the basic Jones model. Therefore, we check the increase in the R-squared due to the consideration of serial correlation in cash-flow changes alone. We find that adding cashflow change (ΔOCF) to the Ball and Shivakumar (2006) model in column (1) leads to an increase in the R-squared from 14.83% to 37.83%. More importantly, we find that considering serial correlation in cash-flow changes further increases the R-squared from 37.83% to 40.99%, which is greater than the increase from 13.13% to 14.83% associated with asymmetric gain/loss recognition. In summary, the results in Table 4 show that the cash-flow-based accrual model add incremental explanatory power to other accrual models, which indicates that the cash-flow changes and the variation in cash-flow-change serial correlation across firms are not (fully) captured by the other models.
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In Table 4 Panel C, we deflate lagged, current and leading cash flows by beginning total assets of each corresponding year. In untabulated analysis, we deflate all three cash-flow variables by total assets at the beginning of year t and continue to find a significantly negative coefficient on the interaction term ΔOCF*ΔOCFSC and an increase in the Rsquared. However, ΔOCF equals the difference between current cash flows and lagged cash flows and must be excluded from the estimation.
Prediction of future cash flows or income
The results on in Table 4 [Insert Table 5 here]
5.
Additional tests
Specification and power of discretionary accruals estimated from various accrual models
To provide some practical implications of the cash-flow-based accrual model and the revenue-and-cash-flow-based model, we evaluate the specification and power of tests using discretionary accruals estimated from these models, compared to the other models we examine in Table 5 . We also examine the specification and power of the performance/ROA-matched approach (Kothari et al., 2005) that is widely used and the sales-growth-matched approach (Banker et al., 2015; Collin et al., 2014) used to control for the nonlinear relation between accruals and revenue changes. The specification is assessed by examining the frequency of the Type I errors, while the power is evaluated by checking the frequency of Type II errors.
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For specification, we follow the approach of Kothari et al. (2005) to draw 250 random samples of 100 firm-years each. Each random sample is drawn sequentially without replacement from the full sample or from the upper and lower quartiles of book-to-market ratio, sales growth, earnings-to-price ratio (EP), market value of common equity, ROA, and operating-cash-flow
Type I error refers to the case where the null hypothesis of no earnings management is rejected when it is true. Type II error refers to the case where the null hypothesis of no earnings management is not rejected when it is false. change. We then compute the Type I error rate as the percentage of times out of the 250 random samples that the null hypothesis of nonnegative (Panel A) or nonpositive earnings management (Panel B) is rejected at the 5% significance level. We report that rejection rates in Table 6 . A test is misspecified if the rejection rate is higher than 8% or lower than 2%. We find that all accrual models are well specified in random samples drawn from the full sample. However, when the samples are drawn from firms with certain characteristics, the revenue-and-cash-flow-based model produces a discretionary accrual measure that is better specified, as shown by the low mean absolute deviation from 5% in both panels. Even so, the revenue-and-cash-flow-based approach seems to be misspecified in some circumstances. The results indicate that the performance(ROA)-matched approach works best for the portfolios with extreme ROA or EP ratios, the sales-growthmatched approach works best for the portfolios with extreme sales growth, and the cash-flowbased or revenue-and-cash-flow-based approaches work best for the portfolios with extreme cashflow changes. These results suggest that, to choose the correct accrual model, researchers should consider whether the correlated-omitted variable relates to ROA, sales growth, or cash-flow changes.
[Insert Table 6 here] For the power comparison, we compute the rejection rates for the 250 random samples drawn from the full sample by adding plus or minus 1%, 2%, 4%, or 10% of the firm's beginning total assets to accruals before estimating discretionary accruals and report the test results in Table   7 . Following Kothari et al. (2005), we assume that 50% of the seeded earnings management is related to credit sales manipulation. As a result, the seeded earnings management is added to both accruals and earnings and 50% of the seed is added to revenue change and accounts-receivable change before estimating discretionary accruals. We find that the revenue-and-cash-flow-based approach is relatively more powerful than other approaches in detecting the seeded earnings management.
[Insert Table 7 here]
Comparison of various accrual models using the AAER sample
We next use an SEC Accounting and Auditing Enforcement Release (AAER) sample to further evaluate the power of different accrual models to detect earnings management and examine whether the explanatory power of the cash-flow-based (or revenue-and-cash-flow-based) model is a result of earnings smoothing.
We follow Dechow et al. (2012) and employ a sample of 126 firm-years during [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] in which the SEC alleges that upward earnings management occurred.
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To compare power across models, we estimate various accrual models by adding an indicator variable, AAERt, that takes a value of one if firm i is labeled by the SEC as employing upward earnings management in year t, and zero otherwise.
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The estimated results are reported in Table 8 Panel A. Like Dechow et al.
(2012), we use pooled regressions, instead of industry-year-specific regressions, for this test because of the small size of the AAER sample. We find that the coefficient on AAER is the largest in the cash-flow-based model, followed by the McNichols model and the revenue-and-cash-flowbased model. These results suggest that cash-flow variables help detect earnings management.
[Insert Table 8 This test is similar to the test reported by Dechow et al. (2012) in Table 3 , but we do not include the indicator variables for later reversal of earnings management, reflecting our focus on using historical data to model accruals.
As shown in Table 8 Panel B, the adjusted R-squared for the AAER sample is higher than the adjusted R-squared for the whole sample for all the models, indicating that all these models have higher explanatory power for accruals when there is earnings management. More importantly, the ratio of the adjusted R-squared for the AAER sample to the adjusted R-squared for the whole sample is the lowest for the cash-flow-based model and then the revenue-and-cash-flow-based model. This result further confirms the findings in Table 5 that the increase in the explanatory power of an accrual model from the incorporation of cash-flow changes and cash-flow-change serial correlation stems from the ability of these variables to capture accruals' role in offseting temporary components in cash flows, and not from earnings smoothing.
Conclusion
Dechow (1994) shows that accruals offset timing and matching issues in cash flows. We show that consideration of cash-flow timing and matching characteristics improves the explanatory power of models predicting working capital accruals. Many researchers highlight the inadequate understanding of the process that generates accruals (Owens et al., 2013; Ball, 2013; McNichols, 2000) . Our purpose is to explore whether the current understanding of the purpose of accruals, as embodied by Dechow et al., is useful in building an empirical model to predict accruals. Our approach comports with that of Ball and Shivakumar (2006) , who consider the stewardship role of accounting and incorporate its effects in the Jones model. We adopt a valuation perspective by investigating whether adding variables that capture the timing and matching properties of cash flows increases accrual models' explanatory power.
Based on the Dechow et al. framework, we construct an empirical measure for serial correlation in cash-flow changes using net profit margin and operating cash cycle. We show that accruals and cash-flow change are negatively related and that the magnitude of this negative relation increases as cash-flow-change serial correlation becomes more negative. We also show that the positive relation between accruals and revenue changes increases with operating cash cycle.
We provide evidence that consideration of cash-flow changes and serial correlation in cash-flow changes improves explanatory power of the models of Jones (1991), Ball and Shivakumar (2006 ), McNichols (2002 ), and Jeter and Shivakumar (1999 .
We find that the nondiscretionary working-capital accruals estimated from our proposed model better explain cash flows and earnings in the following year than those estimated from the models of Jones (1991) We model accruals by considering their economic purpose. In particular, we link the empirical properties of accruals to cash-flow characteristics. Our study highlights the importance of incorporating the theoretical relations implied by the Dechow et al. framework into accrual prediction, especially when future cash flow information is not available. Our study also offers explanations for the source of the explanatory power of other accrual models, such as those of Dechow and Dichev (2002) and Jones (1991). This table presents the average coefficients estimated using industry-year specific regressions for various accrual models. Adjusted R-squared is the average for all industry-specific regressions. The sample consists of all firm-year observations with necessary data during 1989-2013. The number of observations (N) in Panel C is lower because not all sample observations have data for operating cash flow in year t+1 (OCF t+1 ). ***, **, and * indicate statistical significance at the 1%, 5%, and 10% confidence levels, respectively. In Panel D, Qn_OCF t (n=1, 2, 3, 4, 5) is the interaction of OCF t and an indicator variable for quintile n of OCF t . Other variables are defined in Table 1 , is used to estimate all accrual models. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% confidence levels, respectively. NDWCI is nondiscretionary working-capital income, computed as the sum of nondiscretionary working-capital accruals estimated from each accrual model and operating cash flows (OCF). for the 126 AAER firm-years with upward earnings management for various accrual models.
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